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ABSTRACT
We present the preliminary results of the observa-
tional campaign performed in 2003 to study the
Galactic Nucleus with INTEGRAL. The mosaicked
images obtained with the IBIS/ISGRI coded aper-
ture instrument in the energy range above 20 keV,
give a yet unseen view of the high-energy sources
of this region in hard X- and gamma-rays, with an
angular resolution of 12′. We report on the discov-
ery of a source, IGR J17456-2901, compatible with
the instrument’s point spread function and coinci-
dent with the Galactic Nucleus Sgr A∗to within 0.9′.
The source is visible up to 60-80 keV with a 20–
100 keV luminosity at 8 kpc of 3× 1035 erg s−1. Al-
though we cannot unequivocally associate the new
INTEGRAL source to the Galactic Nucleus, this is
the first report of significant hard X–ray emission
from within the inner 10′ of the Galaxy and a con-
tribution from the galactic center supermassive black
hole itself cannot be excluded. Here we discuss the
results obtained and the perspectives for future ob-
servations of the Galactic Nucleus with INTEGRAL
and other observatories.
Key words: Black hole physics; Accretion; Galaxy:
center; Galaxy: nucleus; Gamma-rays: observations;
X-Rays: individuals: Sgr A∗.
1. INTRODUCTION
The Galactic Nucleus (GN) is among the most inter-
esting objects in the high-energy sky, as it links our
own galaxy with active galactic nuclei and quasars.
At a distance of 8 kpc (Eisenauher et al. 2003), it
hosts the closest massive black hole (BH) to us, as
shown in particular by near-infrared (NIR) observa-
tions of star proper motions near the galactic cen-
ter (GC) (Scho¨del et al. 2002; Genzel et al. 2003;
Ghez et al. 2003). The detailed NIR observations of
the central cluster of young and luminous stars have
now constrained the enclosed mass within 0.001 pc
(∼ 120 AU) to a value which implies a core den-
sity > 1017 M⊙ pc
−3. This density is most natu-
rally explained by the presence of a massive black
hole of (4.0 ± 0.8) 106 M⊙. Such a BH would have
a Schwarzschild radius (RS) of about 1.2 10
12cm or
0.08 AU and is supposed to accrete the environmen-
tal matter producing detectable emission in a broad
frequency range (Melia & Falcke 2001).
The bright (∼ 1 Jy), compact, non-thermal radio
source Sgr A∗, discovered exactly 30 years ago by
Balick and Brown (1974) and located at less than
0.01′′ (83 AU) from the dynamical center of the cen-
tral star cluster is believed to be the radio conter-
part of this extreme object. Its radio spectrum is
described by an inverted or flat power law with high
and low frequency cut-offs, and a peculiar sub-mm
bump at frequencies > 100 GHz. Only recently de-
tected in NIR both in quiescent, and flaring states
(Genzel et al. 2003; Ghez et al. 2004), this source is
undetectable in the visible and UV bands due to
the large absorption and is also very weak in X-
rays. The Chandra Observatory measured in 1999
a quiescent luminosity of only LX[2− 10 keV] ≈
2 × 1033 erg s−1 from Sgr A∗ and the emission ap-
peared partly extended. However, in October 2000,
Chandra detected a bright 3 hr flare, characterized
by rapid intrinsic variability (Baganoff et al. 2001;
Baganoff et al. 2003). During this flare the lumi-
nosity increased to LX[2− 10 keV] ≈ 10
35 erg s−1
in 4 ks, the power law spectrum hardened, with
a change of the photon index from 2.7 in quies-
2Table 1. List of the 2003 INTEGRAL observations of the Galactic Nucleus (GN)
Observation Target Mode Dates (2003) Exposure GN Eff. Exp.
Typea Start End (ks) (ks)
ToO XTE J1720–318 5 × 5 D 28/02 - 02/03 176 128
GCDE Survey Survey 02/03 - 01/05 675 369
ToO H 1743–31 5 × 5 D 06/04 - 22/04 280 256
GO Sgr A∗ 5 × 5 D 30/08 - 24/09 1000 938
GCDE Survey Survey 02/08 - 14/10 675 374
Notes:
a) GO = Guest Observer Observation, GCDE = Galactic Center Deep Exposure (Core Program), ToO= Target
of Opportunity Observation
b) 5 × 5 D = 5 × 5 Dithering Pattern, 7 HEX = 7 Hexagonal Dithering Pattern
cence to 1.3, and a rapid decrease on a timescale
of 600 s was observed, thus implying an emitting
region of size < 20 RS. Two other bright X-ray
flares from Sgr A∗ were detected with XMM-Newton
on September 4, 2001 and on October 3, 2002
(Goldwurm et al. 2003a; Porquet et al. 2003a). In
2001 XMM-Newton detected the beginning of a flare
in the last 900 s of an observation pointed towards
the GN (Goldwurm et al. 2003a). In this inter-
val the Sgr A∗ flux increased by up to a factor
30 and the spectrum hardened to a slope of index
1. In October 2002 the most powerful flare from
this source was discovered with XMM-Newton. It
lasted only 2.7 ks but the source luminosity reached
≈ 3.6 × 1035 erg s−1 with an increase factor of
nearly 200 in luminosity and a rather soft spectrum
(α ≈ 2.5) (Porquet et al. 2003a).
These last observations have opened challenging new
questions regarding the accretion process, activity
and emission mechanisms at work in Sgr A* and
have also re-opened the possibility of observing the
source in the hard X-ray and gamma-ray bands (>
10-30 keV). At energies between 10 and 20 keV a
number of detections of Sgr A∗ were claimed in
the past, the most significant were those based on
Spacelab 2 observations in 1985 (Skinner et al. 1987)
and those of ART-P on GRANAT in 1990-1991
(Pavlinsky et al. 1994). Skinner et al. (1987) re-
ported the detection with the XRT/SL2 of a source
compatible with Sgr A∗ and noted that it was much
brighter than the extrapolation of the soft X-ray
emission seen with the Einstein Observatory. The
ART-P data also showed presence of emission in the
8-20 keV band at even higher flux levels, impling
that the source 4-20 keV luminosity ranged between
5 and 10 ×1035 erg s−1 (see Goldwurm 2001 for a re-
view). The identification with ASCA (2-30 keV) of
a transient eclipsing binary at ≈ 1.3′ from Sgr A∗ in
1994, the source AX J17456-2901 (Maeda et al. 1996,
Sakano et al. 2002), casts some doubt on the associ-
ation of the high energy detections with the GN, be-
cause the associated error boxes (∼ 3′) included this
transient source. The coded mask gamma-ray tele-
scope SIGMA on the GRANAT satellite performed a
deep 9×106 s survey of the central parts of the galaxy
between 1990 and 1997, but could provide only upper
limits for the hard X- and γ-ray emission from the
neighbourhood of Sgr A∗ at energies above 35 keV
(Goldwurm et al. 1994; Goldoni et al. 1999).
The derived low bolometric luminosity of the GN,
in contrast with the powerful output from active
galactic nuclei or black hole binaries, has motivated
the development of several models for radiatively
inefficient accretion onto or ejection from the cen-
tral supermassive black hole (Narayan et al. 1998;
Falcke & Markoff 2000). These models have been
then widely applied to other accreting systems
but their validity for Sgr A∗ have been chal-
lenged by more and more precise measurements
over the last 10 years (Goldwurm et al. 2001;
Melia & Falcke 2001; Baganoff et al. 2003). The ob-
served X-ray flares and the very recent discovery
with the VLT NACO imager (Genzel et al. 2003)
and the Keck telescope (Ghez et al. 2004), that
Sgr A∗is also the source of frequent IR flares could
indicate the presence of an important population
of non-thermal electrons in the vicinity of the
black hole (Markoff et al. 2001; Liu & Melia 2002;
Yuan et al. 2002; Yuan et al. 2003; Liu et al. 2004).
These results have raised great interest in the possi-
bility of observing hard X-rays from the GN, a mea-
sure of which may particularly shed light on the rel-
ative role of accretion and ejection in the Sgr A∗
system.
We have recently analyzed the large set of data
collected with INTEGRAL during the galactic cen-
ter survey performed in the first part of 2003,
and found some excess emission at energies > 20
keV from the region including the Sgr A complex
(Be´langer et al. 2004). We review these first INTE-
GRAL results on the GN and present a more recent
analysis performed on the entire 2003 INTEGRAL
data set.
2. OBSERVATIONS AND DATA ANALYSIS
INTEGRAL (INTErnational Gamma-Ray Astro-
physics Laboratory), the ESA gamma-ray observa-
3tory (Winkler et al. 2003) launched on 2002 October
17, carries two main instruments, the gamma-ray im-
ager IBIS and and the gamma-ray spectrometer SPI,
and two monitors, JEM-X, the Joint European X-ray
Monitor, and OMC, the Optical Monitoring Cam-
era. The results reported here were obtained with
the IBIS coded mask imaging instrument (Ubertini
et al. 2003), sensitive over the energy range between
15 keV and 10 MeV and characterised by a wide
field of view (FOV) of 29◦ × 29◦, an angular res-
olution (FWHM) of 12′ and a sensitivity of about
1 mCrab at 100 keV for 1 Ms exposure. The IBIS
performance in the low energy range (15–1000 keV)
is achieved thanks to the ISGRI camera (Lebrun et
al. 2003) made up of more than 16000 CdTE detec-
tors.
The Galactic Center is a priority target for the IN-
TEGRAL mission. A specific survey of the central
regions of the galaxy, the Galactic Center Deep Ex-
posure (GCDE) program, is performed each year
with the goal of mapping these regions (−30◦ <
l < 30◦, −15◦ < b < 15◦) at high energies
(Winkler 2001). A first set of GCDE observations
was performed between March and May 2003 and an-
other set between August and October. The GN was
in the IBIS FOV also during two Target of Opportu-
nity (ToO) observations dedicated to the X-ray novae
H 1743-31 (Parmar et al. 2003) and XTE J1720-318
(Cadolle Bel et al. 2004). Moreover a dedicated ob-
servation of 1 Ms, to search for a gamma-ray coun-
terpart to Sgr A∗ was performed in September 2003.
Table 1 summarizes the characteristics of these ob-
servations which provided the data used in this work.
The total effective exposure on Sgr A∗, accounting
for partial coding and performed data selections, was
∼ 2.1 Ms.
INTEGRAL observations are generally made of sev-
eral exposures, performed at fixed pointing directions
with a specific pattern on the plane of the sky and
each having durations ranging from 1800 s to 4000 s
(Courvoisier et al. 2003). The reduction and analy-
sis of the IBIS/ISGRI data were performed with the
INTEGRAL Offline Scientific Analysis (OSA) pack-
age provided by the INTEGRAL Science Data Cen-
ter (ISDC). The algorithms relative to the IBIS data
analysis are described in Goldwurm et al. (2003b).
In a preliminary study we treated only the set of data
collected between 2003 February 28 and May 1, us-
ing the OSA 2.0 version of the analysis software and
without correction for background structures. To ac-
count for the residual systematic noise we measured
the distribution of the residuals in the images and
applied a correction factor to reduce the significance
accordingly. The results published by Be´langer et
al. (2004) are summarized in section 3. In a more
recent analysis (section 4) we have used the new ver-
sion (v. 3.0) of the OSA and of the calibration files
performing the background subtraction with the lat-
est available background maps to process the whole
data set of Table 1.
3. PRELIMINARY RESULTS
The maps of the Galactic Center shown in Fig. 1
were constructed by summing the reconstructed im-
ages of the 571 individual exposures of the first part
of the data set of Table 1, those taken between 2003
Feb 28 and May 1, for a total effective exposure time
of about 8.5 × 105 s at the position of Sgr A∗. In
these signal-significance maps of the central two de-
grees of the Galaxy where ten contour levels mark
iso-significance linearly from about 4σ up to 15σ,
we can see what appear to be six distinct sources:
1E 1740.9–2942.7, KS 1741–293, A 1742–294, 1E
1743.1–2843, SLX 1744–299/300, whose nominal po-
sitions are marked by crosses, and a source coincident
with the radio position of Sgr A∗. Of these sources,
1E 1740.7–2942 is a black hole candidate and micro-
quasar, KS 1741–293 and A 1742–294 are neutron
star Low-Mass X-Ray Binary (LMBX) burster sys-
tems, SLX 1744-299/300 are in fact two LMXBs sep-
arated by only 2.7′ and 1E 1743.1–2843 is an X-ray
source whose nature is still uncertain (Porquet et al.
2003b). The 20–40 keV band contours of the cen-
tral source clearly peak, with a maximum of 8.7σ, at
the Sgr A∗position but are elongated towards GRS
1741.9–2853. This suggests some contribution to
the emission from this transient neutron star LMXB
burster system observed to have returned to an ac-
tive state in 2000 (Muno et al. 2003), but the elonga-
tion could also be due to an uncorrected background
structure. The central source is also marginally vis-
ible in the 40–100 keV band at a level of 4.7σ.
The position and flux of the central excess in the
20–40 keV map were determined by fitting the
peaks with a function approximating the instru-
ment’s Point Spread Function (Gros et al. 2003)
in two different ways: (1) all the emission is at-
tributed to one source and is fitted as such to de-
termine its peak height and position, (2) the emis-
sion is attributed to two sources: a new source
and GRS 1741.9–2853, whose position is then fixed.
Both of these involve a simultaneous fit of all the
other sources listed above. In the first case, we ob-
tain a source position of R.A.(J2000.0)=17h45m22s.5,
decl.(J2000.0)=−28◦58′17′′, and a flux of about 5.4
mcrab or (3.21 ± 0.36)× 10−11 ergs cm−2 s−1. In
the second, the position is 17h45m38s.5, −29◦01′15′′,
and the flux is about 3.2 mcrab or (1.92 ±
0.36)× 10−11ergs cm−2 s−1. The central source’s
40–100 keV peak position is in very good agreement
with the one determined using the second method
outlined above, and since there is clearly no visi-
ble contribution from a neighboring source, the 40–
100 keV flux was extracted at that position giving an
estimated flux of (1.86±0.40)×10−11 ergs cm−2 s−1
(∼ 3.4 mCrabs). The fluxes were determined using a
standard spectral shape for the Crab (Bartlett 1994)
and the derived 20–100 keV luminosity at 8 kpc is
(3.0±0.4)×1035 erg s−1. The estimated uncertainty
on the position is of about 4′ for a detection at the
significance level of 8.7σ in images still dominated
by systematic noise. These positions are respectively
4.6′ and 0.9′ from the radio position of Sgr A∗, within
4the uncertainties.
The hardness ratio (HR) — ratio of the count rate
in the high-energy band over that in the low-energy
band — for the detected excess is 0.90 ± 0.20. As
a possible indication of the nature of the detected
excess, we can compare the values of the HR to the
two brightest sources in the field. The BH candidate
1E 1740.7–2942 has a HR of 1.20±0.03, and the neu-
tron star LMXB KS 1741–293 has a HR of 0.89±0.08.
We also found that the source presented some level of
variability, although this result was somehow ham-
pered by the presence of residual noise due to uncor-
rected background structures. In particular a peak
at 5σ over the average was detected in the source
light curve on April 6. This last result has not been
confirmed by the most recent analysis of the data.
As discussed by Be´langer et al. (2004) the central
excess is not compatible with a simple extrapolation
at high energies of the total X-ray diffuse and point-
source flux as observed by X-ray instruments within
10′ from the center. We concluded that it is due to a
hard source, not identified with the well known high
energy sources of the region, and which was therefore
named IGR J1745.6–2901.
4. RECENT RESULTS
The whole set of IBIS/ISGRI data collected in the
first part of the 2003 were re-analyzed using the new
version of the INTEGRAL OSA, with updated cal-
ibration files and lookup tables, and including the
background correction. In addition we performed a
preliminary analysis of the new data collected from
August 2003 (see Table 1). The derived images were
much cleaner and the residual noise greatly reduced.
We combined the data in 2 sets of equivalent effective
exposure on the Galactic Nucleus. An image of the
Galactic Center region in the 20-40 keV band was
obtained from all the GCDE and ToO data (Fig. 2).
Using the data of the observation specifically per-
formed to study the Galactic Center (marked as GO
in Table 1) we produced an equivalent image re-
ported in Fig. 3. Both independent sets of data
clearly show the presence of a relevant excess at the
Sgr A∗ position thus confirming the results reported
by Be´langer et al. (2004). IGR J1745.6–2901 was
detected at a level of 20σ in Fig. 2 and at 27 σ in
Fig. 3. The combined data provide a signal at the
GN of about 35σ. Some of the other sources were
seen to vary significantly. For example the other
closest source to the center (KS 1741-293) disap-
peared during the GO observation (Fig. 3), but IGR
J1745.6–2901 was still clearly present. A fit of the re-
constructed images with the PSF of the IBIS/ISGRI
telescope for the six sources detected provided a po-
sition of IGR J1745.6–2901 which is offset from the
Sgr A∗ radio position by only 52′′ for the data of
Fig. 2 and 48′′ for the data of Fig. 3. These offsets
are smaller than the expected uncertainty in source
location.
From the whole data set of Table 1 we obtained
the 20-40 keV light curve reported in Fig. 4. The
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Figure 1. Reconstructed IBIS/ISGRI images of the
central 2◦× 2◦ region around the Galactic Nucleus in
the energy ranges 20–40 keV (top) and 40–100 keV
(bottom), using the Feb-March 2003 data and pre-
liminary analysis tools. Each image pixel size is
equivalent to about 5′. Ten contour levels mark iso-
significance linearly from about 4σ to 15σ. Six well
known high energy sources are indicated along with
the position of Sgr A∗ (Be´langer et al. 2004)
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Figure 2. Reconstructed IBIS/ISGRI images of the
Galactic Center region in the 20-40 keV obtained us-
ing all data of the 2003 GCDE and ToO observations
and more recent versions of the analysis tools. Height
countours indicate significance levels from 10 to 35σ.
Five well known high energy sources are indicated
along with the position of Sgr A∗.
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Figure 3. Reconstructed IBIS/ISGRI images of the
Galactic Center region in the 20-40 keV obtained
using data of the dedicate observation of September
2003. Height countours indicate significance levels
from 10 to 35σ. Five well known high energy sources
are indicated along with the position of Sgr A∗.
Figure 4. IBIS/ISGRI 20-40 keV light curve of IGR
J1745.6–2901 from all data collected by INTEGRAL
where the source was coded at > 40%. Data points
were binned in time intervals of 1 day. The universal
time is in units of IJD = MJD-51544 days.
source flux cumulated in time bins of 1 day is rep-
resented as a function of the universal time. The
source flux appears rather stable over the year with
no apparent large flares. The average flux was (4.5
± 0.12) mCrabs in the 20–40 keV band and (2.5 ±
0.23) mCrabs in the 40–60 keV one. More detailed
variability studies will be reported elsewhere. How-
ever we do not confirm the detection of a flare dur-
ing the observations of April 6 and the 5σ excess we
reported previously (Be´langer et al. 2004) is proba-
bly due to an uncorrected background feature. The
source GRS 1741.9–2853 also does not appear signif-
icant in the combined images and is not needed to fit
the data of Fig. 2 and Fig. 3. As a consequence, the
low energy band flux is more important than esti-
mated previously, which indicates a softer spectrum
for IGR J1745.6–2901 than estimated before.
5. DISCUSSION
The new analysis of the 2003 INTEGRAL data on
the galactic nucleus confirms the preliminary result
of a detection of a hard source at the position of the
Sgr A complex (Be´langer et al. 2004). The position
of this source is offset from the position of Sgr A∗
by less then 1′ compatible with a 90% confidence
level error radius of 1.3′ for a source at 20σ (Gros et
al. 2003). At the moment we cannot associate this
excess unambiguously to Sgr A∗ or other sources of
the region and it is designated as a new INTEGRAL
source, IGR J1745.6–2901. As discussed in Be´langer
et al. (2004), IGR J1745.6–2901 cannot be explained
by the simple extrapolation at high energy of the
average total diffuse and point-source flux observed
by the X-ray instruments within 10′ from the cen-
ter. On the other hand a few X-ray sources have
been detected in the past within a few arcmin from
Sgr A∗ and they could contribute to the emission
if they were in high/hard state during the INTE-
GRAL observations. In particular, the ASCA tran-
6sient AX J1745.6–2901, compatible in position with
IGR J1745.6–2901, was observed to be bright with
Chandra in June 2003 (F. K. Baganoff, private com-
munication) and could provide an important contri-
bution to the excess seen at energies above 20 keV.
Some contribution to the observed high en-
ergy emission could also come from non ther-
mal X-ray filaments observed in the nuclear re-
gion with Chandra and XMM-Newton (Sakano
et al. 2003) or other non-thermal sources like
Sgr A East. This option is particularly rele-
vant considering the presence in the region of
an unidentified (GeV) gamma-ray EGRET source,
3EG J1746–2851, (Mayer-Hasselwander et al. 1998;
Hartman et al. 1999) and the recent detections of
significant TeV emission from the galactic center
with Whipple (Kosack et al. 2004) and Cangaroo-
II (Tsuchiya et al. 2004). All these very high en-
ergy sources appear compatible with a non-variable,
point-like source at the GC and could be related to
IGR J 1745.6–2901.
A detailed analysis of all INTEGRAL data avail-
able on the Galactic Nucleus is in progress and will
provide better constraints on the position, spectral
shape, variability properties and on the possible mul-
tiple nature of IGR J1745.6–2901.
We also expect to further constrain these results by
the simultaneous observations of Sgr A∗ in gamma-
rays, X-rays, and at infrared and radio wavelengths.
Such observations have been planned, by a large
collaboration of astronomical laboratories, for 2004,
driven by an approved XMM-Newton large project
dedicated to the study of the X-ray flares of Sgr A∗.
The program includes simultaneous observations of
the GN with HESS, INTEGRAL, VLT, HST, VLA
and other radio, mm and sub-mm ground based ob-
servatories during part of the 550 ks observing pro-
gram of XMM-Newton. Such a program will allow to
search for correlated variability of the Sgr A∗ emis-
sion in different energy domains. The measure of
the broad band spectrum of the flares and its evolu-
tion will allow to constrain the models of the physi-
cal processes and emission mechanisms taking place
around the supermassive black hole at the center of
our galaxy.
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